Asymmetric Cross-Dehydrogenative Coupling: Merging Autoxidation and Transition Metal Lewis Acid Catalysis by 谭玉其
 
 
学校编码：10384                                           分类号       密级        











Asymmetric Cross-Dehydrogenative Coupling: Merging 




 指导教师姓名：Eric Meggers 教授 
               龚 磊     副教授 
                      
专  业  名  称： 有  机  化  学 
论文提交日期： 2 0 1 6 年    月 
论文答辩时间： 2 0 1 6 年    月 
学位授予日期： 2 0 1 6 年    月 
 
答辩委员会主席：         
评    阅    人：         
2016 年 5 月 
 





















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的




























（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 





























摘要 ..................................................... i 
Abstract ................................................. ii  
第一章 绪论 .............................................. 1 
1.1过渡金属 Lewis酸介导的烯醇在碳碳键形成中的应用 ............... 1 
1.1.1不对称 Mannich 反应 ............................................................................ 1 
1.1.2不对称氧化脱氢偶联反应..................................................................... 6 
1.1.3烷基自由基与烯醇的反应................................................................... 11 
1.1.4不对称 Aldol 反应 ............................................................................... 14 
1.1.5不对称 Michael 加成反应 ................................................................... 15 
1.2过渡金属 Lewis酸介导的烯醇在碳氮键形成中的应用 .............. 16 
1.3过渡金属 Lewis酸介导的烯醇在碳卤键形成中的应用 .............. 19 
1.4过渡金属 Lewis酸介导的烯醇在其他碳杂键形成中的应用 .......... 22 
1.5 本章小结 ................................................... 25 
1.6 参考文献 ................................................... 26 
第二章 铑中心手性 Lewis酸催化的不对称氧化脱氢偶联 ....... 32 
2.1 课题背景 ................................................... 32 
2.2 课题思路 ................................................... 34 
2.3 课题进展 ................................................... 35 
2.3.1 铑中心手性 Lewis 酸催化 α-亚胺酯参与的不对称 Mannich反应 . 36 
2.3.1.1 初步反应........................................................................................... 37 
2.3.1.2 反应条件的优化............................................................................... 38 
2.3.1.3 产物非对映选择性的确定............................................................... 41 
2.3.1.4 底物拓展........................................................................................... 42 
2.3.1.5 产物构型的确认............................................................................... 43 
2.3.1.6 反应机理推测................................................................................... 45 
2.3.2 铑中心手性 Lewis 酸催化甘氨酸酯参与的不对称氧化脱氢偶联 .. 46 
2.3.2.1 初步反应及条件优化....................................................................... 46 
2.3.2.2 底物拓展........................................................................................... 47 
2.3.2.3 产物构型的确认............................................................................... 48 
2.3.2.4 反应机理推测................................................................................... 50 
2.4 本章小结 ................................................... 50 
2.5 实验部分 ................................................... 52 
2.6 参考文献 .................................................. 114 
第三章 手性镍 Lewis酸催化的不对称氧化脱氢偶联 .......... 116 
3.1 课题背景 .................................................. 116 
3.2 课题思路 .................................................. 117 
















3.3.1 反应条件的优化................................................................................ 118 
3.4 本章小结 .................................................. 121 
3.5 实验部分 .................................................. 122 
3.6 参考文献 .................................................. 127 
第四章 论文总结和工作展望 .............................. 128 
4.1 论文总结 .................................................. 128 
4.2 工作展望 .................................................. 129 
附录一 硕士期间发表的学术论文 .......................... 131 
附录二 缩略语和符号简表 ................................ 132 




























Abstract in Chinese ........................................ i 
Abstract in English ........................................ ii 
Chapter 1 Introduction ..................................... 1 
1.1 Application of Transition Metal Lewis Acid in C-C Bonds Formation via 
Enolate ......................................................... 1 
1.1.1 Asymmetric Mannich Reactions ............................................................. 1 
1.1.2 Asymmetric Oxidative Dehydrogenative Coupling Reactions ............... 6 
1.1.3 Reactions between Alkyl Radiacal and Enolate.................................... 11 
1.1.4 Asymmetric Aldol Reactions ................................................................ 14 
1.1.5 Asymmetric Michael Addition Reactions ............................................. 15 
1.2 Application of Transition Metal Lewis Acid in C-N Bonds Formation via 
Enolate ........................................................ 16 
1.3 Application of Transition Metal Lewis Acid in C-X (Halogen) Bonds 
Formation via Enolate ............................................ 19 
1.4 Application of Transition Metal Lewis Acid in other Carbon Heteroatoms 
Bonds Formation via Enolate ...................................... 22 
1.5 Conclussions ................................................. 25 
1.6 References ................................................... 26 
Chapter 2 Asymmetric Oxidative Dehydrogenative Coupling 
Reactions Catalyzed by Chiral-at-Rhodium Lewis Acid Catalyst .. 32 
2.1 Background of Research Topic .................................. 32 
2.2 Ideas of Research Topic ........................................ 34 
2.3 Progress of Research Topic ..................................... 35 
2.3.1 Asymmetric Mannich Reactions Catalyzed by Chiral-at-Rhodium 
Lewis Acid with α-Imino Esters .................................................................... 36 
2.3.1.1 Initial Experiments ............................................................................. 37 
2.3.1.2 Optimization of Reaction Conditions ................................................ 38 
2.3.1.3 Determine the Diastereoselectivity .................................................... 41 
2.3.1.4 Expansion of the Substrate Scope ...................................................... 42 
2.3.1.5 Determine the Absolute Configuration .............................................. 43 
2.3.1.6 Proposed Mechanism ......................................................................... 45 
2.3.2 Asymmetric Mannich Reactions Catalyzed by Chiral-at-Rhodium 
Lewis Acid with Glycine Esters ..................................................................... 46 
2.3.2.1 Initial Experiment and Optimization of Reaction Conditions ........... 46 
2.3.2.2 Expansion of the Substrate Scope ...................................................... 47 
2.3.2.3 Configuration of Products .................................................................. 48 
















2.4 Conclusions .................................................. 50 
2.5 Experimental Section .......................................... 52 
2.6 References .................................................. 114 
Chapter 3 Asymmetric Oxidative Dehydrogenative Coupling 
Catalyzed by Chiral Nickel Lewis Acid ...................... 116 
3.1 Background of Research Topic ................................. 116 
3.2 Ideas of Research Topic ....................................... 117 
3.3 Progress of Research Topic .................................... 118 
3.3.1 Optimization of Reaction Conditions ................................................. 118 
3.4 Conditions .................................................. 121 
3.5 Experimental Section ......................................... 122 
3.6 References .................................................. 127 
Chapter 4  Summary and Outlook ......................... 128 
4.1 Summary ................................................... 128 
4.2 Outlook .................................................... 129 
Appendix 1 List of Publications ............................ 131 
Appendix 2 List of Abbreviations and Symbols ............... 132 

























手性过渡金属 Lewis 酸介导的烯醇在羰基化合物 α-官能团化反应中起着至
关重要的作用。Lewis 酸金属中心与羰基配位活化的烯醇中间体与碳原子或杂原
子亲电试剂反应，实现一大类 C-C 键和 C-X（杂）键的构建。不对称氧化脱氢






第二章包括两部分内容。首先，将铑中心手性 Lewis 酸成功应用于催化 α-
亚胺酯与 2-酰基咪唑参与的不对称Mannich反应。该反应仅以 2 mol% 的催化剂
载量，能够以几乎定量的分离产率、极好的对映选择性（up to 99.8% ee）和非对
映选择性获得加成产物。通过降低温度与位阻调控，提高催化产物的非对映选择































Metal Enolates mediated by chiral transition metal Lewis acid play a vital role in 
the α-functionalization of carbonyl compounds. The active enolate intermediates 
generated by coordination to Lewis acid metal center can react with carbon or 
heteroatoms electrophile to form a numerous kinds of carbon-carbon bonds or 
carbon-heteroatom bonds. Asymmetric oxidative dehydrogenative coupling is a 
highly effective method of constructing C-C bonds, but only very few reactions are 
catalyzed by chiral transition metal Lewis acid and the stoichiometric oxidation 
regents were used. However, molecular oxygen as the ideal “green” oxidant suffers 
from poor application to oxidative dehydrogenative coupling reactions. Therefore, 
combining transition metal Lewis acid catalysis with molecular oxygen as the oxidant 
is of great significance. 
In Chapter 1, the application and research progress of α-functionalization of 
carbonyl compounds with chiral transition metal Lewis acid catalysis via enolates are 
reviewed. 
In Chapter 2, the work includes two parts. Firstly, the chiral-at-rhodium Lewis 
acid is applied to catalyze the asymmetric Mannich reaction between α-imino esters 
and 2-acyl imidazole. We obtained the Mannich products in high yield, good 
diastereoselectivity and almost perfect enantioselectivity (up to 99.8% ee) with only 2 
mol% catalyst loading. The diastereoselectivity (up to 27:1 dr) of products can be 
improved by lower temperature and increase the steric hindrance of start materials. 
Compared with traditional trasition metal Lewis acid catalyst, the chiral-at-metal 
rhodium catalyst shows a higher catalytic capacity. Secondly, an asymmetric oxidative 
dehydrogenative coupling between glycine esters and 2-acyl imidazole with 
chiral-at-rhodium Lewis acid and molecular oxygen as the oxidant is introduced. The 
reaction direcly form a carbon-carbon bond between two Csp3-H groups and this is 
very interesting. The coupling products with two stereocenters were provided in 
moderate to good yield, satisfactory diastereoselectivity and excellent 
















Lewis acid catalysis with molecular oxygen as the oxidant to form a carbon-carbon 
bond through asymmetric dehydrogenative coupling reaction. Overall, it has a great 
potential in forming of C-C bonds with the advantage of atom economy and 
environmentally friendly, and meets the requirement of green chemistry. 
In Chapter 3, the combination of chiral nickel Lewis acid with molecular 
oxygen as the oxidant is used for synthesis of fluorine-containing compounds. 
Unfortunately, we got the product with lower enantioselectivity (32% ee), even better 
diastereoselectivity (17:1 dr). The result has shows that it is feasible to synthesis of 
fluorine-containing compounds via asymmetric oxidative dehydrogenative coupling 
reaction and the most import thing is to find a appropriate chiral ligand to control the 
stereoselectivity. 
In Chapter 4, the summary and outlook are presented. 
 

































式 1.1 烯醇活化羰基化合物不对称 α-官能团化 
Scheme 1.1 Asymmetric α-functionalization of carbonyl compounds via enolate. 
经过几十年的发展，过渡金属 Lewis 介导的烯醇已经广泛应用于羰基化合物
α-官能团化反应，基于此，本章节将简单概述过渡金属 Lewis 酸介导的烯醇在羰
基化合物 α-官能团化中的应用。主要从羰基化合物 α 位 C-C 键形成、C-N 键形
成、C-X（卤素）键形成及其他 C-X（杂）键形成分类介绍。 
1.1过渡金属 Lewis酸介导的烯醇在 C-C键形成中的应用 
羰基化合物形成烯醇活性中间体后，可以与碳亲电试剂反应，直接构建 C-C
键。例如不对称 Mannich 反应、不对称氧化脱氢偶联反应、烷基自由基与烯醇的
反应、不对称 Aldol 反应和不对称Michael 加成反应。接下来将分别进行介绍。 
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2001 年，Jørgensen 等报道了首例铜-双噁唑啉配合物催化 α-亚胺酯与活化的





映选择性（大于 10:1 dr）和对映选择性（78-98% ee）[5]。 
表 1.1 首例不对称催化 α-亚胺酯参与的Mannich 反应 
Table 1.1 First catalytic asymmetric Mannich reaction of α-imino ester. 
 
entry cat. solvent t[h] yield [%] ee [%] 
1 1-1 CH2Cl2 40 76 33 
2 1-2 CH2Cl2 40 70 89 
3 1-3 CH2Cl2 40 44 12 
4 1-2 THF 16 45 76 
5 1-2 Et2O 40 < 5 n.d. 
2003 年，Jørgensen 等将铜配合物 1-1 与 1-2 应用于未修饰的丙二酸酯与 α-
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应在-20 ˚C 可以顺利进行，得到最高为 87% ee的对映选择性。然而，为了提高
对映选择性，需要加入 HFIP 作为辅助，作者推测可能有助于产物与催化剂的解
离。有意思的是，当使用催化剂 1-2 催化反应时，加入 HFIP 并没有提高产物的
对映选择性（式 1.2）[6]。 
 
式 1.2 铜催化的 α-亚胺酯与丙二酸酯的不对称Mannich 反应 
Scheme 1.2 Asymmetric Mannich reaction of α-imino ester and malonates catalyzed 






图 1.1 手性钯配合物活化 1,3-二羰基化合物与双膦配体结构 
Figure 1.1 Chiral Pd complexes activate 1,3-dicarbonyl compounds and the structures 
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式 1.3 钯配合物催化 α-亚胺酯参与的不对称 Mannich反应及可能的过渡态模型 
Scheme 1.3 Asymmetric Mannich reaction of α-imino ester catalyzed by Pd complex 
and proposed transition state model. 




亚胺的不对称Mannich 反应，以 10 mol% 的催化剂用量，取得了中等到良好的





















式 1.4 β-酮磷酸酯的不对称 Mannich反应及烯醇过渡态模型 
Scheme 1.4 Asymmetric Mannich reaction of β-keto phosphonates and proposed 
enolate transition state model. 





式 1.5 手性钯配合物催化的不对称Mannich 反应 
Scheme 1.5 Asymmetric Mannich reaction catalyzed by chiral-Pd complex. 























渡金属催化的交叉偶联反应已经成为选择性构建 C-C 键最重要的方法[11]。  
2009 年，McGill 大学李朝军教授[12]首先提出了交叉脱氢偶联（CDC）反应











接由两个 C-H 键偶联构建 C-C 键，避免了原子的浪费。具体策略如下：利用氧
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